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1.0 SUMMARY 

This report documents the details of the determination of the 

separation initial conditions (i.e. incidence angle) that maximizes 

orbiter altitude at the ALT interface airspeed. In the analysis, 

optimum altitude-airspeed profiles are generated for each orbiter 

incidence angle and tailcone configuration. Results show that the 

highest separation altitude does not result in the highest altitude 

at ALT interface airspeed. The altitude attainable at ALT interface 

airspeed should therefore be considered/.in the selection of the 

initial conditions (i.e. incidence angle). Without violating any 

known constraints, incidence angles that maximize orbiter 

/ 

altitude at the ALT interface airspeeds are 7.0 deg for ALT 
Free Flight 1 and 5.5 deg for ALT Free Flight 6. 

The requirement for a parametric analysis of orbiter altitude 
attainable at ALT interface airspeed is stated in Section 2.0. 

The specifications, assumptions, and analytical approach used 
to determine orbiter altitude attainable at ALT interface 
airspeed are presented in Section 3.0. The results of the 
analysis are evaluated in Section 4.0. Conclusions are sum- 
marized in Section 5.0. Supporting reference sources are 
listed in Section 6.0. 
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2.0 niTROUUCTION 

A paranietric analysis of the orbiter altitude attainment at 
the ALT Interface airspeed is required to satisfy the operational 
requirements for separation studies (see Reference 1) and to 
support the ALT flight test planning. A similar MDTSCO analysis 
was previously performed for two discrete candidate ALT interface 
airspeeds (see Reference 2). The current parametric analysis 
is an extension of the referenced analysis and pararx}terizes 
orbiter altitude attainment at ALT interface airspeed with 
respect to ALT interface airspeed. The data base of the current 
analysis is also an update of that used in tlie referenced analysis. 
Toward that end, this MDTSCO "Maximization of Orbiter Altitude 
at ALT Interface Airspeed" is perfonied for Lotli the tailcone 
off and tailcone on orbiter configurations. 
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.0 DISCUSSION 

This section states the specifications, assumptions, and 
analytical approach used In this analysis. Maximum utilization 
of previous analyses is made in order to expedite detemi nation 
of the orbiter altitude attainable at ALT interface airspeed 
and source data is referenced accordinply. 

.* The ALT orbi ter/carrier separation is simulated by^tlie Space 
Vehicle Dynamics Simulation Program in two fliglit pliases. The 
separation flight phase is initiated at the instant of orbiter 
release and is defined to be 5 sec in duration, post separation 
flight phase is terminated at the attainment of ALT interface airspeed. 
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3.1 Specifications 


As stated in Reference 4, six free flights are currently scheduled. 

The first 5 flights are for a tailcone on orbitcr configuration 

and the last, tailcone off. For ALT Free Flight 1, tlie orbiter 

will accelerate to 270 KLAS ct an altitude above 20,000 ft IlSL 

after separation. For ALT Free Flight 6, the orbiter will accelerate 

to 255 KEA3 at an altitude above 16,500 ft IlSL after separation. 

• » 

Reference 1 states thaj^ 'during the period from separation until 
the ALT interface airspeed is achieved, the orbiter nonnal 
acceleration and local horizontal pitch attitude must be at least 
0.5 g's and greater thari^30 deg nose down, respectively. 

Alternative orbiter steering during the post separation flight 
phase is also analyzed fn order to investigate the possibility 
of achieving higher altitude for slo\/er potential ALT interface 
airspeeds < 239 KLAS). 

3.2 Assumptions 

Three categories of assumptions are required to analyze orbiter 
altitude attainment at ALT interface airspeed. The first category 
contains the data base assumptions. The second category consists 
of the flight sequence assumptions. The third category is all of 
the other assumptions that simplify the analytical approach. 
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The data base assumptions arc: 

1) Orbiter configuration: 

a) Tailcone on and off, 

b) body flap at -11.7 deg. 

c) Control system as defined in Reference 5, 

2) Carrier configuration: 

a) Inflight spoilers deployed, • 

b) Thrust at idle. 

c) Thrust as defined in Reference 6. 

d) Control system as defined in Reference 7. 

3) Separation altitudes as defined in Reference 3. 

4) Aerodynamic data as defined in Reference 6, 

5) Mass characteristics as defined in Reference 8. 

The flight phase sequence assumptions are divided into tv/o 
subcatogories, tl»e separation flight phase sequence assumptions 
and the post separation flight phase sequence assumptions. 

The separation flight phase sequence assumptions arc: 

1) The separation flight phase is defined to be 5 sec in 
duration. 

2) The carrier maintains the mated vehicle equilibrium glide 
pitch attitude cor.nand until 4 sec after separation. 

The carrier then pitches up at 2 deg/sec to the carrier 


5 


equilibrium glide pitch attitude comr.iand required to maintain 
the separation airspeed. 

3) The carrier roll attitude cormand Is Initiated 2 sec after 
separation, 

a) The carrier roll attitude corimand Is rate limited to 
-10 deg/sec. 

b) The carrier roll attitude connand Is limited to -30 deg. 

4) The orblter control system Is In the CAS (rate connand) 
node during which time the orblter pitch rate command is 

a constant 2 deg/sec for the first 3 sec and 0 deg/sec for 
the remaining 2 sec. 

The post separation flight phase sequence assumptions are: 

1) The tine duration of the post separation flight phase is 
determined by the orbiter attainment of the ALT interface 
airspeed requirements. 

2) The carrier pitch and roll maneuvers are a contii.uation of 
those initiated in the separation flight phase. 

3) The orbiter control system remains in the CAS mode, during which 
time the orbiter performs a 0.5g pitchover maneuver in order 

to attain the ALT interface airspeed requirement. (Pitch 
attitude comman ' limited to -30 deg). 

Assumptions which simplify the analytical approach are: 

1) Only nominal conditions arc assumed. No system nor 
environmental tolerances are analyzed. 


Only ALT Free Flights 1 and 6 are analyzed. These flights 
are for a light weight, forward c.g. orbiter. 

All 7 Incidence angles are analyzed for each of tlie 2 
flights. 
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3.3 Analytical Approach 

The overall analytical approach consists of parameterizing with 
respect to incidence angle (separation initial conditions) the 
orbiter altitude-airspeed attainment for tv/o orbiter post 
separation steering seque ces for each of two orbiter configurations 
consistent with ALT Free Flight Nos. 1 and 6. For each free flight, 
the incidence angle which results in the highest orbiter altitude 
at the required ALT interface airspeed is then identified. 

Toward that end, a three step analytical approach common to each 
incidence angle and orbiter configuration is used (i.e. 7 incidence 
angles and 2 orbiter configurations). The first step is to 
generate the separation initial conditions required to produce the 
0.75 g's relative normal load factor and the 4 deg/sec^ orbiter 
pitch a' eleration at the instant of separation. The mated 'trim 
program is used for this purpose (see Reference 9). 

The second step is to generate the altitude-airspeed profiles for 
the nominal orbiter post separation steering. At the beginning of 
the post separation flight phase, the orbiter is ■»mmediately pitched 
over at a rate consistent with maintaining the normal load factor 
at the 0.5 g specification. The 0.5 g's is maintained until the 
local horizontal pitch attitude reaches the -30 deg specification. 

At that time, a 0 deg/sec rate is coimianded in order to maintain 
the pitch attitude no steeper than -30 den. 
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The third step Is to generate the altitude-airspeed profiles 
for the alternate orbiter post separation steering. The alternate 
orbiter post separation steering is the same as the nominal steering 
with one exception. The 0 deg/sec pitch rate command of the 
separation flight phase is maintained for a period of time before 
initiation of the 0.5g pitch over. The period of time is parametrically 
determined such that the airspeed attained when the orbiter first 
begins to accelerate in an alternate steering case is equal to that 
in a nominal steering case with a 0.5 deg higher incidence angle. 
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4.0 RESULTS 

This section first discusses the results of the analytical approach 
outlined in Section 3.0. Then the results which determine the 
incidence angle (separation initial conditions) that yields the 
maximum orbiter altitude at ALT interf. e airspeed are discussed. 
Finally, the results which give rise to the conclusions and 
recommendations summarized in Section 5.0 are discussed. 

The separation equilibrium glide airspeed requirements are illustrated 
in Figure 1. The separation airspeeds from Figure 1, which satisfy 
the separation design requirements of 0.75 g's relative nonnal 
acceleration and 4 deg/sec^ orbiter pitch acceleration, are tabulated 
for each incidence angle in Tables 1 and 2 for the tailcone on and 
off configurations, respectively. The airspeed required to satisfy 
the design requirements exceeds the carrier maximum recommended 
separation airspeed (V^ or minus a 25 KCAS pad) for incidence 
angles less than 7.0 deg for the tailcone on configuration and 
5.0 deg for the tailcone off configuration. Reference 10 states that 
the pilot accuracy in ob*’ining the separation airspeed is within 
-1 KEAS to +3 KEAS. To insure that the carrier airspeed constraint 
is not exceeded, the 5.0 deg incidence angle for the tailcone off 
configuration should also be disqualified. 

The tailcone on configuration steering summary is tabulated in 
Table 1 for th nominal orbiter post separation steering and in 
Table 3 for u':s a'Urnate steering. The carrier airspeed constraint 
limits the acceptable incidence angles to 7.5 deg and 7.0 deg. The 
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range of separation airspeed required to produce the 0.75g relative 
normal load factor and 4 den/f^ec^ orbiter pitch acceleration design 
requirements is 241.9 KEAS to 252.5 KEAS. The orbiter airspeed 
attained when the orbiter first begins to accelerate ranges from 
227.2 KEAS to 239.0 KEAS. The terminal pitch attitude and flight 
path angle range from -29.0 deg to -27.2 deg and from -31.6 deg 
to -29.8 deg respectively. The minimum orbiter normal load factor 
during the orbiter pitch over maneuver is 0.46g for the range of 
acceptable incidence angles. 

The tailcone off configuration steering summary is tabulated in 
Table 2 for the nominal orbiter post separation steering and 
Table 4 for the alternate steering. The carrier airspeed constraint 
limits the acceotable range of incidence angles from 7,5 deg 
to 5.5 deg. The range of separation airspeeds required to produce 
the 0.75g relative normal load factor and 4 deg/sec^ orbiter pitch 
acceleration design requirements is 219.8 KEAS to 264.8 KEAS. 

The orbiter airspeed attained when the orbiter first begins to 
accelerate ranges from 192.1 KEAS to 238.2 KEAS. The terminal 
pitch attitude and flight path anole range from -30.0 deg to -27.0 
deg and from -34.0 deg tc -29.1 deg respectively. The minimum 
orbiter normal load factor during the orbiter pitch over maneuver 
ranges from 0.45 g to 0.46 g. 

Illustrated in Figures 2 and 3 are the altitude-airspeed profiles 
for the nominal orbiter post separation steering cases for tfie 
tailcone on and off configurations respectively. Figures 4 and 5 
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illustrate the altitude-airspeed profiles for the alternate 
steering. By comparing the nominal steering with the alternate 
steering for both tailcone configurations, It is evident that 
the nominal steering attains the higher altitude for a given airspeed 
and incidence angle. Hov/ever, at the airspeed where the orbiter 
first begins to accelerate, a 7.0 deg incidence angle using the 
alternate steering attains a higher altitude than a 7.5 deg incidence 
angle using the nominal steering. This analysis has shown that in 
general there is a range of airspeeds for any two adjacent incidence 
angles where the alternate post separation steering for the lesser 
of the two incidence angles can attain a higher altitude at a given 
airspeed in that range than the nominal steering. 

Aside from the carrier airspeed constraint, Figures 2 and 3 show that 
an incidence angle of 6.0 deg attains the highest altitude at the 
270 KEAS ALT interface airspeed requirement for the ALT Free Flight 1 
and that an incidence angle of 5.0 deg attains the highest altitude 
at the 255 KEAS ALT interface airspeed requirement for the ALT Free 
Flight 6. If the ALT interface airspeeds are reduced from 270 KEAS 
to 255 KEAS for the tailcone on configuration and from 255 KEAS to 
240 KEAS for the tailcone off configuration, the incidence angle 
that maximizes altitude at the ALT interface airspeed increases to 
6.5 deg and to 5.5 deg for the tailcone on and tailcone off con- 
figurations respectively. 
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The assumption that the incidence angle that maximizes the separation 
altitude also maximizes orbiter altitude at the ALT interface airspeed 
is disproved as shown in Figures 2 and 3. Incidence angles of 6.5 
deg and 6.0 deg maximize the separation altitude for the tailcone on 
and tailcone off configurations respectively. As stated above, in- 
cidence angles of 6.0 deg and 5.0 deg maximize orbiter altitude at 
the ALT interface airspeed for the tailcone on and tailcone off 
, configurations respectively. The orbiter altitude attainable at the 
ALT interface airspeed should therefore-dDe considered in selecting 
the optimum incidence angle instead of the separation altitude. 

When the carrier airspeed constraint is t/ken into account, the 
allov/able incidence angles which maximize orbiter altitude for 
ALT Free Flights 1 and 6 are 7.0 deg and 5.5 deg respectively. 

This results in a reduction of the orbiter altitude attainable 
at the ALT interface airspeed of 1300 ft for ALT Free Flight 1 
and 450 ft for ALT Free Flight 6. 
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5.0 CONCLUSIONS 

This section summarizes the conclusions. 

The conclusions that are derived from Section 4.0 are: 

1) The altitude attainable at the ALT interface airspeed should 
be considered in selecting the optimum incidence angle. 

2) The incidence angle that attains the highest altitude at 

the ALT interface airspeed is a function of the ALT interface 
airspeed. 

3) The incidence angle that maximizes the separation altitude 
does not correspond to the incidence angle that maximizes 
orbiter altitude at the ALT interface airspeed. 

4) The orbiter alternate post separation steering can attain 
higher altitudes for ALT interface airspeeds less than 
239 KEAS. 

5) Without violating any known constraints, the incidence angles 
that maximize orbiter altitude at the ALT interface airspeed 
are 7.0 deg for ALT Free Flight 1 and 5.5 deg for ALT Free 
Flight 6. 
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Table 2 

STEER I Nf? SUMMARY 

ALT FREE FLIGHT NO. 6 (TAILCONE OFF) 
150,000 LB 0R3ITER CG 0 65% Lp 
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Figure 1 

ALT JRBITER/CARRIER SEPARATION EQUILIBRIUM GLIDE AIRSPEED REQUIREMENTS 
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